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INTRODUCTION 
PI3 kinase pathway activation is common in advanced prostate cancer (PCa) and is mediated 
primarily by PTEN loss, suggesting that it may be independent of activation by upstream 
receptor tyrosine kinases (RTKs) or nonreceptor tyrosine kinases and therefore unresponsive to 
tyrosine kinase inhibitors. However, in studies presented in the proposal, we found that the p85 
regulatory subunit of PI3 kinase is associated constitutively with ErbB3 and two other tyrosine 
phosphorylated proteins in PTEN deficient LNCaP and C4-2 PCa cells. Treatment with an 
ErbB2 inhibitor (lapatinib) did not rapidly decrease PI3 kinase activity, but combined treatment 
with lapatinib and sorafenib (a multi-kinase inhibitor) was as effective as a direct PI3 kinase 
antagonist (LY294002) at blocking PI3 kinase activity. Based on these data, we hypothesized 
that a small number of upstream RTKs (or nonreceptor tyrosine kinases) may be critical for PI3 
kinase activation in PTEN deficient PCa, and that targeting these tyrosine kinases may be an 
effective approach for suppressing PI3 kinase activity and PCa growth in vivo. The objective of 
this proposal was to test these hypotheses, and more generally determine the molecular basis for 
basal PI3 kinase activity in PTEN deficient PCa cells. The specific aims were as follows: 
 
Aim 1. Identify the p85 associated tyrosine phosphorylated proteins in PTEN deficient 
LNCaP and C4-2 PCa cells lines, and determine whether they mediate PI3 kinase 
activation.  
 
Aim 2.  Test the hypothesis that receptor tyrosine kinase inhibitors can be used to block 
p85 membrane recruitment and suppress PI3 kinase activity in vivo in PCa xenografts.  
 
BODY 
Aim 1. Identify the p85 associated tyrosine phosphorylated proteins in PTEN deficient 
LNCaP and C4-2 PCa cells lines, and determine whether they mediate PI3 kinase 
activation.  
 
p85 associated proteins identified by LC/MS/MS. In last year’s Progress Report we showed 
that ErbB3 was associated with p85, but that this was not dependent on ErbB3 tyrosine 
phosphorylation. We also reported last year that p85 was not associated with proteins detected by 
a p85 binding motif antibody (pYxxM). failed to detect Therefore, we next focused on 
identification of p85 associated proteins using liquid chromatography/tandem mass spectrometry 
(LC/MS/MS). Anti-p85 beads were used to carry out large scale immunopurifications from 
serum starved LNCaP cells, which were then run on SDS-PAGE. Multiple gel slices 
corresponding to protein molecular weights from ~60-220 kDa were then subjected to in-gel 
trypsin digestion, and eluted peptides were identified by LC/MS/MS (Table 1) using a linear ion 
trap mass spectrometer. As expected, a large fraction of the peptides detected in the ~100 kDa 
range were from the  and  isoforms of p85 and the p110 PI3K catalytic subunits. Interestingly, 
peptide recovery indicated that p110 and p110 were the major p85 associated p110 isoforms, 
with much lower levels of p110. Amongst the p85 associated proteins identified initially by 
LC/MS/MS, only ErbB3 had been shown previously to mediate p85 SH2 domain binding and 
PI3K activation (Table 1). On a subsequent LC/MS/MS analysis of the p85 immunoprecipitates 
using a more sensitive Orbitrap XL mass spectrometer, we also detected GAB1 (Table 1). 
However, we could not detect GAB1 associated with p85 by immunoblotting (data not shown). 
Consistent with the LC/MS/MS data, we similarly did not find detectable levels of ErbB2, 
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EGFR, c-MET, IGFR, insulin receptor, IRS-2, or IRS-4 (LNCaP are IRS-1 deficient) in the p85 
immunoprecipitates by immunoblotting (data not shown). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PI3K pathway activity in PTEN deficient PCa cells is Ras independent. An alternative 
mechanism by which RTKs may recruit and activate PI3K is by generating GTP-Ras, which can 
bind to the p110 subunits via Ras binding domains located carboxy to the p85 binding domains. 
GTP-Ras has been shown to enhance p110 activity, and an intact p110-Ras interaction is 
required for Ras mediated tumorgenesis, although the importance of GTP-Ras for other p110 
isoforms has not been established. The LC/MS/MS analysis of p85 associated proteins from 
LNCaP cells did not reveal an association of Ras, and this was confirmed by immunoblotting of 
anti-p85 immunoprecipitates with a pan-anti-Ras antibody (data not shown). However, a weak 
transient interaction could not be excluded. Therefore, to further assess whether Ras was 
contributing to PI3K pathway activation, we treated serum starved LNCaP and PC3 cells with a 
farnesylation inhibitor, FTI-277. Immunoblotting with a pan-anti-Ras Ab confirmed that the drug 
prevented formation of the more rapidly migrating farnesylated protein (fRas), but there was no 
effect on PI3K pathway activation in serum starved LNCaP or PC3 cells (Fig. 1). It should be 

Table1. p85 associated proteins identified by LC/MS/MS in LNCaP cells 
   
Accession  Protein Name      Spectral count 
PIK3R2 Phosphatidylinositol 3-kinase regulatory subunit beta    34 
PK3CB Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit beta isoform 25 
PK3CD Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit delta isoform 24 
PIK3R1 Phosphatidylinositol 3-kinase regulatory subunit alpha    17 
MAP1B Microtubule-associated protein 1B      12 
EWS RNA-binding protein EWS       10 
FAS Fatty acid synthase        8 
MYH10 Myosin-10         8 
LIMC1 LIM and calponin homology domains-containing protein 1   6 
RFIP1 Rab11 family-interacting protein 1      6 
MYH9 Myosin-9         5 
MYO6 Myosin-VI         5 
PK3CA Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha isoform 5 
TERA Transitional endoplasmic reticulum ATPase     5 
SYEP Bifunctional aminoacyl-tRNA synthetase      4 
IF4G1 Eukaryotic translation initiation factor 4 gamma 1     4 
ILF3 Interleukin enhancer-binding factor 3      4 
PNPT1 Polyribonucleotide nucleotidyltransferase 1, mitochondrial   4 
SFPQ Splicing factor, proline- and glutamine-rich     4 
SMRC1 SWI/SNF complex subunit SMARCC1      4 
DHX9 ATP-dependent RNA helicase A       3 
RAD50 DNA repair protein RAD50       3 
MATR3 Matrin-3         3 
TPR Nucleoprotein TPR        3 
K1967 Deleted in breast cancer gene 1 protein (DBC.1) (DBC-1) (p30 DBC)  3 
TFR1 Transferrin receptor protein 1       3 
SC16A Protein transport protein Sec16A      2 
ERBB3 Receptor tyrosine-protein kinase erbB-3      2 
GAB11 GRB2-associated-binding protein 1      2 
NUCL Nucleolin         1           
1identified in a subsequent analysis focused on targeting peptides from known p85 interacting proteins   



 6

noted that the drug did not abrogate EGF mediated Erk activation, indicating either that adequate 
Ras could still be recruited (farnesylated or independent of farnesylation) or that EGFR was 
signaling independently of Ras.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. PI3K pathway activity in PTEN deficient PCa cells is Ras independent. LNCaP or 
PC3 cells plated into 24-well plates were treated with farnesylation inhibitor FTI-277 (20 or 40 
M; prepared in serum free medium) for 2 days, non-drug treated wells were serum starved for 
the same duration. At the end of FTI-277 treatment, cells were either treated with LY294002 (20 
M, 2 hr) or stimulated with EGF (20 ng/ml, 5 min). Whole cell lysates (10 g) were analyzed by 
immunoblotting for pAkt, pPRAS40, total Akt, Erk1/2, pErk1/2, Ras, or tubulin. Upper and lower 
bands corresponding to Ras and farnesylated Ras (fRas) are indicated. 
        
p110 isoforms associated with p85 in PCa cells. It was noteworthy that the LC/MS/MS 
analysis of p85 associated proteins in LNCaP cells indicated that p110 and p110 were the 
major isoforms (Table 1). In addition, a label-free quantitative LC/MS/MS analysis based on the 
calculated average total ion current (TIC) of all identified peptides corresponding to PI3K 
protein subunits was utilized to quantify the relative abundance of PI3K regulatory and catalytic 
subunits in both LNCaP and PC3 cell lines. This analysis for LNCaP was consistent with Table 
1, and for PC3 cells also showed lower levels of p110, although the levels in PC3 were closer 
to those of p110 and p110 (Fig. 2A and Tables 2 and 3 for PI3K quantification). Results from 
immunoblotting LNCaP and PC3 whole cell lysates with isoform specific p110 Abs were in 
general agreement with the LC/MS/MS data (Fig. 2B). Moreover, the immunoblotting indicated 
that p110 levels in LNCaP and PC3 cells were lower than in a small series of breast cancer 
lines and in PCa cells with intact PTEN (VCaP and CWR22) (Fig. 2B). Interestingly, available 
cDNA/oligonucleotide microarray data show that p110 and p110 mRNA, but not p110 
mRNA, are increased in PCa versus normal prostate (Fig. 2C). In contrast, microarray data in 
GBM, which is also characterized by PTEN loss, shows that p110 is decreased (Fig. 2C). 
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Distinct p110 isoforms mediate basal versus growth factor stimulated PI3K activity. Based 
on these observations, we addressed whether the basal PI3K activity in PC3 and LNCaP cells, 
which appears to be independent of p85 binding to RTKs or adaptor proteins, was mediated by a 
particular p110 isoform. Significantly, siRNA mediated depletion of p110, but not p110 or 
p110, decreased PI3K activity in serum starved PC3 cells (Fig. 3A). In contrast, PI3K pathway 
activation in PC3 cells in response to heregulin-1 was suppressed by depletion of p110, but 
not p110 or p110 (Fig. 3B). In serum starved LNCaP cells, siRNA targeting both p110 and 

 

Figure 2. Expression of 
PI3K p110 isoforms in 
PCa cell lines. A, 
LC/MS/MS analyses of the 
relative abundance by 
average TIC of the PI3K 
subunits p85,  and 
p110, ,  in LNCaP and 
PC3 cells. B, Expression 
levels of p110 isoforms in 
a variety of cancer cell 
lines based on 
immunoblotting. 10 g of 
cell lysates from breast 
cancer lines (MCF-7, MB-
MDA-231, BT-474, SKBR-
3) or PCa cell lines 
(LNCaP, PC3, VCaP, 
CWR22Rv1, C4-2) were 
analyzed by 
immunoblotting with p110 
isoform specific 
antibodies. Intensity of 
each band relative to 
tubulin is shown. C, 
p110 and p110 mRNA 
levels in normal prostate 
versus PCa or normal 
brain versus GBM. 
Expression data generated 
by Oncomine based on 
results from Vanaja et al., 
(PCa p110), 
Dhanasekaran et al., 
(PCa p110), and Sun et 
al. (GBM).    
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p110 (which is expressed at higher levels in LNCaP versus PC3 cells) decreased PI3K activity, 
while p110 siRNA again had no effect (Fig. 3C). However, as in PC3 cells, only the p110 
siRNA decreased PI3K pathway activation in response to heregulin-1 (Fig. 3D). Finally, we 
addressed whether basal PI3K activity could be further suppressed by simultaneously silencing 
both p110 and . As shown in figure 3E and F, targeting both p110 and  did not appear to be 
more effective. We presume this reflects an inability to completely silence both p110 and , but 
it remains possible that p110 can mediate some basal activity in the absence of other catalytic 
subunits. Taken together, these results indicate that basal PI3K activity in LNCaP and PC3 cells 
is mediated through p110 and p110 (in LNCaP), and that this activity is independent of RTK 
mediated p85 recruitment.         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Distinct p110 isoforms mediate basal versus growth factor stimulated PI3K activity.  
PC3 (A) or LNCaP (C) cells in 24-well plates were transfected with siRNAs for each p110 
isoform. After serum starvation for 1-2 days, cells were lysed and 10 g of cell lysates were 
subjected to immunoblotting for each p110 isoform, pAkt, total Akt, or -tubulin. Results are 
quantified in bar graphs, and are representative of 2-3 independent experiments for each cell 
type (in addition to results in 8E and 8F). PC3 (B) or LNCaP (D) transfected with siRNAs for 
each p110 isoform were serum starved for 1-2 days followed by HRG-1 stimulation (100 ng/ml, 
15 min). Cell lysates were then subjected to immunoblotting as indicated. (E) and (F), PC3 or 
LNCaP cells respectively were transfected with siRNAs for each p110 isoform, or with both 
p110 and  siRNA, and were then analyzed by immunoblotting after serum starvation for 2 
days. 
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Aim 2.  Test the hypothesis that receptor tyrosine kinase inhibitors can be used to block 
p85 membrane recruitment and suppress PI3 kinase activity in vivo in PCa xenografts.  
Our data over the past year has established that basal PI3 kinase activity in these PTEN deficient 
cells is not dependent on upstream receptor tyrosine kinase. However, PI3 kinase activity can 
still be increased by RTK signaling as shown above for heregulin-1 stimulation in figure 3B 
and D. Therefore, we have initiated studies looking at EGFR family and c-MET inhibition in 
PCa xenografts, but do not yet have in vivo results.     
 
 
KEY RESEARCH ACCOMPLISHMENTS   

 Established the central role of p110 in regulating basal PI3 kinase pathway activity in 
prostate cancer cells.  

 
 Established the central role of p110 in regulating growth factor stimulated PI3 kinase 

pathway activity in prostate cancer cells.  
 
 
REPORTABLE OUTCOMES     
Cai,C., Portnoy,D.C., Wang,H., Jiang,X., Chen,S., and Balk,S.P. (2009). Androgen receptor 
expression in prostate cancer cells is suppressed by activation of epidermal growth factor 
receptor and ErbB2. Cancer Res. 69, 5202-5209 (reported last year) 
 
Jiang,X., Chen,S., Asara,J.M., and Balk,S.P. (2010). Phosphoinositide 3-kinase pathway 
activation in phosphate and tensin homolog (PTEN)-deficient prostate cancer cells is 
independent of receptor tyrosine kinases and mediated by the p110beta and p110delta catalytic 
subunits. J. Biol. Chem. 285, 14980-14989. 

CONCLUSION 
Our findings in indicate that prostate epithelial cells that have sustained genetic or epigenetic loss 
of PTEN activity may be dependent initially on p110 (or possibly p110) for PI3K pathway 
activation and positive selection due to a relative lack of growth factors mediating activation of 
RTKs and p110 in the microenvironment of the fully developed adult human prostate. If this 
hypothesis is correct, then selective p110 inhibitors, or inhibitors of particular G protein 
coupled receptors or other upstream activators of p110 if present, may be most effective at early 
stages of PCa development. In contrast, as disease progression is likely associated with increased 
receptor tyrosine kinase stimulation and activation of p110, the extent to which selective 
inhibition of p110 will be effective in more advanced PCa is not clear and may be dependent on 
whether it still has a nonredundant downstream function.  
 
APPENDICES  
One new published manuscript.  
 
 
 
 
 
























